ZUSGS

science for a changing world

Surface-Water-Quality Assessment of the Upper
Illinois River Basin in Illinois, Indiana, and
Wisconsin—Spatial Distribution of Geochemicals
In the Fine Fraction of Streambed Sediment, 1987

| ‘- | |
\
R
P \
< ¥ SO
\ { =
% ‘ [ | National Water-Quality Assessment Study Unit

Bl Upperlllinois River Basin Study Unit

Water-Resources Investigations Report 98—4109

National Water-Quality Assessment Program

U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY



U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

Surface-Water-Quality Assessment of the Upper
lllinois River Basin in lllinois, Indiana, and
Wisconsin—Spatial Distribution of Geochemicals
In the Fine Fraction of Streambed Sediment, 1987

By Faith A. Fitzpatrick, Terri L. Arnold, and John A. Colman

Water-Resources Investigations Report 98-4109

Urbana, lllinois
1998

ZUSGS

science for a changing world



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Thomas J. Casadevall, Acting Director

The use of firm, trade, and brand names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.

For additional information write to:

District Chief

U.S. Geological Survey

221 North Broadway Avenue
Urbana, lllinois 61801

Copies of this report can be purchased from:

U.S. Geological Survey
Branch of Information Services
Box 25286, Building 810
Denver, CO 80225

Information regarding National Water-Quality Assessment (NAWQA) Program is available on
the Internet on the World Wide Web. You may connect to the NAWQA Home Page using the
Uniform Resource Locator (URL):

http://wwwrvares.er.usgs.gov/nawga/nawga_home.html



FOREWORD

The mission of the U.S. Geological Survey
(USGS) isto assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ersat Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation's
water resources. That challengeis being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality datafor a
host of purposesthat include: compliance with permits
and water-supply standards; devel opment of remedia-
tion plans for specific contamination problems; opera-
tiona decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information isto provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. Asa
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differencesin conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated fundsin 1986 for the USGS to begin apilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well asthose of other Federal, State, and local agencies.
The objectives of the NAWQA Program areto:

« Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

« Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

Thisinformation will help support the devel opment
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goas of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation's most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover adiversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the study units and more than two-thirds
of the people served by public water-supply
systems live within their boundaries.

National synthesis of dataanalysis, based on
aggregation of comparable information obtained from
the study units, is amajor component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similaritiesin
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
Thefirst topics addressed by the national synthesisare
pesticides, nutrients, volatile organic compounds, and
aguatic biology. Discussions on these and other water-
quality topicswill be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

Thisreport is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

[Lotet m. Herect

Raobert M. Hirsch
Chief Hydrol ogist
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Surface-Water-Quality Assessment of the Upper
lllinois River Basin in lllinois, Indiana, and
Wisconsin—Spatial Distribution of Geochemicals in
the Fine Fraction of Streambed Sediment, 1987

By Faith A. Fitzpatrick, Terri L. Arnold, and John A. Colman

Abstract

Geochemical datafor the upper Illinois
River Basin are presented for concentrations of
39 elements in streambed sediment collected by
the U.S. Geological Survey inthefall of 1987.
These data were collected as part of the pilot
phase of the National Water-Quality Assessment
Program. A total of 372 sites were sampled, with
238 sites located on first- and second-order
streams, and 134 sites |ocated on main stems.
Spatial distribution maps and exceedance proba-
bility plots are presented for aluminum, antimony,
arsenic, barium, beryllium, boron, cadmium,
calcium, carbon (total, inorganic, and organic),
cerium, chromium, cobalt, copper, gallium, iron,
lanthanum, lead, lithium, magnesium, manganese,
mercury, molybdenum, neodymium, nickel,
niobium, phosphorus, potassium, scandium, sele-
nium, silver, sodium, strontium, sulfur, thorium,
titanium, uranium, vanadium, yttrium, and zinc.
For spatial distribution maps, concentrations
of the elements are grouped into four ranges
bounded by the minimum concentration, the 10th,
50th, and 90th percentiles, and the maximum
concentrations. These ranges were selected to
highlight streambed sediment with very low or
very high element concentrations relative to the
rest of the streambed sediment in the upper Illinois
River Basin. Exceedance probability plotsfor each
element display the differences, if any, in distribu-
tions between high- and low-order streams and
may be helpful in determining differencesbetween
background and elevated concentrations.

INTRODUCTION

The upper Illinois River Basin (UIRB) was one
of four surface-water basins selected by the U.S. Geo-
logical Survey (USGS) in 1986 for the pilot phase of

The purpose of thisreport isto present maps
of the spatial distribution and plots of exceedance
probability for aluminum, antimony, arsenic, barium,
beryllium, boron, cadmium, calcium, carbon (total,
inorganic, and organic), cerium, chromium, cobalt,
copper, gallium, iron, lanthanum, lead, lithium, magne-
sium, manganese, mercury, molybdenum, neodymium,
nickel, niobium, phosphorus, potassium, scandium,
selenium, silver, sodium, strontium, sulfur, thorium,
titanium, uranium, vanadium, yttrium, and zinc in the
fine (silt and clay) fraction of streambed sediment in
the UIRB. The spatial distribution maps highlight
streambed sediment with very low or very high
element concentrations relative to the rest of the
streambed sediment in the UIRB. The exceedance
probability plots show differencesin the distribution
of concentrations in high- and low-order streams.
Spatial distribution maps and probability plots of

Introduction 1



seven additional elements (bismuth, europium, gold,
holmium, tantalum, tin, and ytterbium) were not
included in this report because concentrations of these
elements were below or near the minimum reporting
levels at most sites.

In addition to this report, three publications
contain descriptions and interpretations of the
geochemical-concentration datain streambed sediment
in the UIRB. Tables of the geochemical concentration
data and detailed methodology are presented in

:Colman and Sanzolone (1991) ! Interpretations of

“spatial distributions and possible human and natural

concentrations in streambed sediment with element
concentrations in water and aquatic biota.

METHODS

Samples of streambed sediment were collected
by the USGSinthefal of 1987 as part of the NAWQA
pilot study of the UIRB. A total of 372 siteswere
sampled—238 were on low-order streams (first- and

______

of tributaries intersecting upstream and was measured
using the Strahler (1954) method. Low-order stream
sites were selected randomly from a grid (with grid-
element sides of 10 km) placed over a basin map.
These sites were sampled in an attempt to establish
baseline concentrations of geochemicals for small
streams not affected by point sources. High-order
stream sites were selected at 8-km intervals in urban
areasand at 16-km intervalsin rural areas. These sites
were sampled to assess streambed geochemistry of
large river reaches, many of which were affected by
point sources; however, sites near obvious pollution
sources were avoided. An additional 196 samples

detailed description of the sampling design, site loca
tions, field methods, |aboratory preparation, chemical
analyses, minimum reporting levels, and analytical
results. A total of 46 elements, including major and
minor elements, trace elements, and three forms

of carbon, were analyzed from the less than

63-um fraction of streambed sediment samples

at the laboratory of the U.S. Geological Survey,
Branch of Geochemistry, Denver, Colorado. Total

digestions were used in the chemical analysis, except
for boron and uranium. Inductively coupled plasma
atomic-emission spectrometry (ICP-AES) was used
for detection of most elements; other methods were
used when element determination could not be

Methods of sampling and analysis were similar
at sites on high- and low-order streams, except that
sediment from high-order streams was sieved wet and
sediment from low-order streams was sieved dry

trationsin wet-sieved sediment were larger than in dry-
sieved sediment.

DATA PRESENTATION

Spatial distribution maps for each element
(figs. 2A—42A) illustrate concentrations of each
element grouped into three or four ranges approxi-
mately bounded by the minimum concentration, the
10th, 50th, and 90th percentiles, and the maximum
concentration. These ranges were selected to distin-
guish sediment with very high or very low concentra-
tions relative to the rest of the concentrations in the
UIRB. The percentiles used to group the concentration
data are based on concentrations from high- and
low-order streams combined, because separate
distributions for high- and low-order streams would
greatly increase the complexity of the maps and
decrease their readability.

Most of the geochemical concentrations are
reported in micrograms per gram. However, concentra-
tions of some major elementsthat are commonly found
in the earth’s crust are given as percentages. These
major elements include aluminum, calcium, carbon
(total, inorganic, and organic), iron, magnesium,
phosphorus, potassium, sodium, sulfur, and titanium.

It was necessary to redefine the ranges for
beryllium, cadmium, mercury, molybdenum, and
silver because concentrations of these elements were

2 Spatial Distribution of Geochemicals in the Fine Fraction of Streambed Sediment, 1987



below the detection limit at greater than 10 percent of
thesites. Spatial distribution mapsand probability plots
of bismuth, europium, gold, holmium, tantalum, tin,
and ytterbium were not included in this report because
concentrations of these elements were below or near .
the minimum reporting levels at most sites;(Colman |
and Sanzolone, 1991). 77T 7T
For some elements, concentrations in sediment
from high-order streams are much larger than concen-
trationsin low-order streams. Spatial distributions of
elements for low-order streams are not discernible.
Exceedance probability plots (plots of the percentage
of samples with concentrations greater t,ha_n_q given
value) were done for each element (figs, 2B+42B):
These plots display the differences, if any, in distribu-
tions between high- and low-order streams and may be
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Figure 5. Barium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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Figure 6. Beryllium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 7. Boron concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 9. Percentage of calcium in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 12. Percentage of carbon (organic) in fine-grained streambed sediment in the upper lllinois River Basin: (A) map
showing spatial distribution.
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Figure 13. Cerium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 14. Chromium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map
showing spatial distribution.
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Figure 15. Cobalt concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 16. Copper concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 17. Gallium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 18. Percentage of iron in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.

40

Spatial Distribution of Geochemicals in the Fine Fraction of Streambed Sediment, 1987



100

101d Aigeqold aouepasoxa (g) :uiseg JaAly sioul||| Jaddn ay) ul JuswiIpas paguweais paurelB-suly ul uodl jo abejuadiad 8T 8.nbiq

NOdl 40 FOVINIOHId NIAIO FHL ONIAIZDXT 40 FONVHIO LN3DU3d

10 I ¢ 0L 0c¢ o€ 0g 0L 08 06 G6 66 6'66 66°'66

31IS ONINdNVS-WVYIHLS 43AH0-HOIH v
31IS ONIMdAVS-NVIHLS 43d40-MO1  +

4 ﬁ%\\\\\\\\\

GO0 = |99 Buioday wnwiuly

solad ¢ ¢ = says bundwes Japio-ybiy €| JO ueIps|N
aouad g°g = says Buidwes J1apio-Mo| QEZ 1O UBIPSIN

ol

00l

AIN3INIA3S A3F9INVI™ILS NI NOdl 40 JOVIN3IO™Ad

41

Figure 18.



89° 88°

87°

86°

g'@eo.
=
43° - L.

420

| |

T

® O O o

AN

EXPLANATION
BASIN BOUNDARY

LANTHANUM CONCENTRATION IN
STREAMBED SEDIMENTS, IN -
MICROGRAMS PER GRAM--
Ranges are based on
approximately the 10th,
50th, and 90th percentiles
for 372 sites

10 to less than or equal to 22
Greater than 22 to less than
or equal to 29

Greater than 29 to less than
or equal to 34

Greater than 34 to less than
or equal to 170

1

Base from U.S. Geological Survey
1:100,000 and 1:2,000,000 Digital Data
Albers Equal-Area Conic projection

Standard parallels 33° and 45°, central meridian -89°

29 49 MILES
T T

20 40 KILOMETERS

o +—O

Figure 19. Lanthanum concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map

showing spatial distribution.
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Figure 20. Lead concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 21.
spatial distribution.
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Figure 22. Percentage of magnesium in fine-grained streambed sediment in the upper lllinois River Basin: (A) map
showing spatial distribution.
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Figure 23. Manganese concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map

showing spatial distribution.
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Figure 24. Mercury concentration in fine-grained streambed sediment in the upper Illinois River Basin: (A) map showing

spatial distribution.
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Figure 25. Molybdenum concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map
showing spatial distribution.
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Figure 26. Neodymium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map
showing spatial distribution.
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Figure 26.
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Figure 27. Nickel concentration in fine-grained streambed sediment in the upper Illinois River Basin: (A) map showing
spatial distribution.
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Figure 28. Niobium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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Figure 29. Percentage of phosphorus in fine-grained streambed sediment in the upper lllinois River Basin: (A) map

showing spatial distribution.
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Figure 30. Percentage of potassium in fine-grained streambed sediment in the upper lllinois River Basin: (A) map
showing spatial distribution.
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Figure 31. Scandium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map

showing spatial distribution.
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Figure 32. Selenium concentration in fine-grained streambed sediment in the upper Illinois River Basin: (A) map

showing spatial distribution.

68

Spatial Distribution of Geochemicals in the Fine Fraction of Streambed Sediment, 1987



100

101d Aljigeqoud aouepaadxa (g) :uiseg JaAly sioul|| Jaddn ayy ul JuswiIpas paquealls paurelb-auly Ul UORNIUSIUOD WNIURIBS g€ ainbiH

NOILVELNIONOD INNINITIS NIAIO FHL ONIA33IOX3 40 FONVHO LN3ID¥3d

10 I g 0L 0c¢ o€ 09 0L 08 06 G6 66 6°66 6666

|_|
31IS ONINdNVS-WVIHLS 43dH0-HOIH Vv

31IS ONIMdNVS-NVIHLS 43d40-MO1  +

b

it vV Vv

L'0 = [@A97] Buiuoday wnwiulpy

welb Jad swelbosoiw || = sa)s buldwes Japio-ybiy €| JO uelpan
weub Jad swelboioiw /0 = s8)s Buldwes 1epio-Mmo| §EZ JO UeIpaIN

10

ol

AVYO ¥dd SNVHOOUDIN NI
INIWIAIS A3FINVIYULS NI NOILLVHLNIONOD WNINITAS

69

Figure 32.



89° 88° 87° 86°
T T T 1
Je EXPLANATION
e /M. BASIN BOUNDARY
43° e SILVER CONCENTRATION IN 7
. STREAMBED SEDIMENTS, IN
S _ MICROGRAMS PER GRAM--Ranges
=) 1 are based on approximately the 87th
A S (S] and 90th percentiles for 372 sites
‘ o because 87 percent of the sediments
& oY.-© contain silver concentrations below
© SR the minimum reporting level of 2
oo 6 . 1‘— micrograms per gram
é) o A © Lessthan2
Lo g
“9506 © \% @  Greater than or equal to 2 to
L ) ee = 5 less than or equal to 3
(S) S 6§ ; Greater than 3 to less than
o @e 12) or equal to 29
\ N eg
v ye [S) 5
o O )
S] S] S —
e | Yoge o g
Sk o ;\.
—~—'0,. 8 2R% e e
- 6 P8 c SBae A
;7 008 o F ) L
. S) o .
o o a8 ©§ ® °® ey /"@ .
. g@ © 5© @ ee & S . o _© 9}
s 0 e SN © e e
o ° e ﬁ% (SR S) S o © ee) S ey ) e o
‘o &9® - RRES o ol
) oS © & o o )
e g o o o o r~—. e\e\
=) . -
"9 &e s 6 © % & af
S S)=) o o e © .1
S}
41° . ©° :
S8_.e° © 0c®
of s & 8 S 5o §
o Y © o
(S]
a /
© o : Study
P2 e) Area
S] S=] ==
=) % S] y
=) .
| | I

Base from U.S. Geological Survey

1:100,000 and 1:2,000,000 Digital Data

Albers Equal-Area Conic projection

Standard parallels 33° and 45°, central meridian -89°

A

0 20
} T : T
0

20 40 KILOMETERS

4‘0 MILES

Figure 33. Silver concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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Figure 34. Percentage of sodium in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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Figure 35. Strontium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map
showing spatial distribution.
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Figure 36. Percentage of sulfur in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 37. Thorium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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Figure 38. Percentage of titanium in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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Figure 39. Uranium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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Figure 40. Vanadium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map

showing spatial distribution.
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Figure 41. Yttrium concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing
spatial distribution.
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Figure 42. Zinc concentration in fine-grained streambed sediment in the upper lllinois River Basin: (A) map showing

spatial distribution.
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